tial or temporal) for evaluating the relationship of an organism or population to its environment varies with the type of organism; for example, a beetle does not relate to its environment on the same scale as does a vulture, even though both are scavengers (Wiens 1989) . The studies by Wiens (1976 Wiens ( , 1989 have illustrated that different organisms perceive environmental heterogeneity at different scales and that conclusions drawn at one scale may not be applicable at other scales. For example, simply identifying patchiness in an environment does not mean that patchiness is important for a particular species or process. Addicott et al. (1987) have suggested that ecological neighborhoods be defined for organisms by first specifying a particular process (e.g., foraging or reproduction), then identifying the time scale appropriate to the process, and finally addressing the organism's activity or influence during that period.
Two examples, one empirical and one theoretical, illustrate these points. In the empirical example, vegetation classes in study areas on the Oak Ridge Reservation (Tennessee) were mapped as part of a study of habitat use by wintering birds.1 Vegetation classes included short weeds/grass, fescue, Andropogon, tall weeds, short brambles, nonical correlation analysis that only tall brambles were important for predicting the presence and abundance of five bird species (Carolina wren, Thryothorus ludovicianus; northen cardinal, Cardinalis cardinalis, rufous-sided towhee, Piplio erythropthalmus; song sarrow, Melospiza melodia; and whitethroated sparrow, Zonotrichia leucrophrys). Thus, the initial vegetation classes were modified to predict habitat-use patterns for these bird species. Other species required different maps.
Theoretical studies also illustrate the importance of both the scale at which organisms use the landscape and the abundance and spatial arrangement of suitable habitat across the landscape (Gardner et In addition, an analysis of winter-grazing intensity of ungulates in Yellowstone (Figure 3 ) also showed that the cumulative winter-grazing intensity on any given hectare of winter range was better explained by broad-scale environmental variation than by the characteristics of that hectare (Pearson et al. in press b). Thus, the landscape context must be considered along with site-specific attributes when describing species abundance and biodiversity (Franklin 1993 The importance of this mosaic for postfire plant reestablishment is becoming clear. For example, the greatest densities of seedlings of the dominant tree species, lodgepole pine (Pinus contorta var. latifolia), were in areas affected by severe surface fires (i.e., the canopy trees were killed but the needles and cones of the trees were not consumed3; Anderson and Romme 1991, Tinker et al. 1994 ). In addition, lodgepole pine seedling density was negatively related to distance from the nearest severe surface burn, suggesting that boundary shape has an important effect on postfire plant reestablishment.4
Disturbance dynamics play an important role in determining community structure-and hence biodiversity. Therefore, it is important to consider changes in disturbance regimes. These researchers demonstrated that land-use and land-cover changes were a function of sizes and shapes of individual land parcels, attributes of landowners (e.g., residence time), site characteristics such as soils and agricultural suitability, and distances to roads. Worst-case, typical, and bestcase development scenarios were simulated spatially, and availability of suitable habitat for a variety of species was evaluated as the landscape changed over time. Species with moderate area requirements and moderate gap-crossing abilities were able to survive under the bestcase scenario but were lost within 15 years under the typical scenario. However, species with large area requirements and a limited ability to cross gaps were extirpated within ten years under all scenarios (Dale et al. 1994 ). 
What do we need to know?
The development of scientifically sound policies for maintaining species abundance and biodiversity is likely to require an understanding of the effects of landscape and ecosystem change on populations and communities. We suggest six areas that represent policy-relevant research needs.
Describing organism-process interactions, especially feedbacks in spatial terms. There is a large body of literature describing the effects of spatial pattern on the presence or abundance of populations. However, there is little research on the relationship between the species dynamics and ecosystem processes in a spatial context. In addition, the potential feedback effects of the populations on ecosystem and landscape dynamics are poorly understood.
Better integrating population ecology and landscape ecology. Traditional distinctions between ecological subdisciplines may limit our understanding of biodiversity at broad scales. Better integration is needed. For example, metapopulation dynamics have been emphasized in both population and landscape ecology studies, but there is much to be gained from enhanced communication and collaborative studies. Foraging theory is another example of a large body of knowledge that might be applicable at broad spatial scales and in which explicit spatial dynamics may be better addressed. elevation, distance to roads, distance to markets, and population density) varied in importance in explaining land-cover change as a function of land ownership. For example, on private lands in the Southern Appalachians, land-cover changes were associated primarily with lower elevations, gentle slopes, and closer proximity to roads and developed areas. These factors were not associated with land-cover changes on public lands. Thus, social and economic variables-not only biophysical ones-need to be understood in predicting landscape change.
In another example, an interdisciplinary study of land-cover change in the Southern
Understanding and predicting when spatial pattern matters. Currently, the ability to quantify spatial pattern and monitor changes in pattern exceeds the ability to interpret its ecological effects. Identifying the controls on ecological processes at different spatial and temporal scales.The factors that control ecological processes at fine scales may be quite different from those operating at broad scales. Both theoretical and empirical studies must address multiple scales, and a hierarchical understanding of the mechanisms and controls is sorely needed. For example, the persistence of a population within a single habitat patch may depend on the species' ability to locate food and avoid predation within that patch. The persistence of the population in the landscape, however, may depend on the vagility of the species and the abundance and spatial arrangement of suitable patches. Without an understanding of scale-dependent changes in controlling factors, ability to manage biodiversity at landscape or regional scales is likely to remain limited.
Integrating socioeconomic and ecological dynamics. Although natural ecological systems pose many interesting research questions, there is a crucial need for a better understanding of the human drivers of ecological change. Such an understanding requires interdisciplinary approaches and the inclusion of independent variables that often are excluded from ecological studies (e.g., popu- lation density, interest rates, road building the geographic information networks, and commodity prices) system databases needed for analybut that may in fact be driving sis and modeling-is time-and costchanges in ecological response vari-intensive. This activity requires a ables (e.g., biodiversity 
The need for a new paradigm
The ecological organization taught in introductory ecology classes (Figure 1) is not sufficient to yield an understanding of ecological dynamics at broad scales. When considering landscape or regional ecological dynamics, the population can no longer be considered to be subsumed by the community, which is in turn included within the ecosystem, which is itself included within the landscape. Rather, we suggest an alternative paradigm in which twoway interactions among biodiversity, ecosystem processes, and landscape dynamics are examined with the explicit effects of the third factor ( Figure 5) . Frequently, the twoway interactions are examined under the assumption that the third factor does not vary or exerts little influence. This assumption simply does not apply when questions are expanded to broad scales. This alternative paradigm identifies additional research needs. For example, there are many studies of how landscape dynamics influence biodiversity (Figure 5 ), but the effects of variation in ecosystem processes on this relationship are often not considered. In addition, there are few studies of how biodiversity influences landscape pattern, a potentially important feedback. Similarly, there is detailed knowledge of how some species influence ecosystem processes, but the influence of the landscape and spatial variation of their interactions is poorly understood. Finally, the interactions between landscape dynamics and ecosystem processes are not well understood, and the potential influences of biodiversity on this interaction are even less well known.
We suggest that the challenge to ecologists for the next decade is to address these complex interactions in ways that aid the development of scientifically sound public policy. 
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